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ABSTRACT 
 
 
 
 
Seventeen samples (n = 17) of Malaysian gelam, acacia, nanas, tualang and 
kelulut honeys were analysed for their physicochemical, biochemical and 
phytochemical properties to evaluate their influence on floral source and bee type. 
Comparisons were also made with synthetic honeys to determine a suitable measure 
for fast identification of pure honey from synthetic honey. Solid phase extraction 
(SPE) was utilised for isolation of phenolic compounds in honey samples. The 
phenolic compounds present in the samples were analysed using high performance 
liquid chromatography-diode array detector (HPLC-DAD) and liquid 
chromatography tandem mass spectrometry (LC-MS/MS). Three electrode systems 
were utilised for rapid identification of pure Malaysian honeys. Properties of honey 
were shown to be influenced by the floral source and bee type to the lesser extent. 
Kelulut honeys were observed of having lower pH, higher free acid, moisture and ash 
contents as well as higher electrical conductivity (EC), the properties that distinguish 
Trigona honey from the common Apis honey. Antioxidant properties were different 
for the five types of honey with Trigona honey dominating most of the antioxidant 
tests. Up to 16 phenolic compounds were identified using HPLC-DAD system. 
Similar dominant compounds were observed between tualang and acacia honeys, and 
between kelulut and gelam honeys, suggesting that the floral source of unifloral 
honey is an equally important food source for the analysed multifloral honey. More 
phenolic compounds were detected spectrometrically using full scan method and 
multiple reaction monitoring (MRM). Plant gallotannin, penta-O-galloyl-β-D-
glucose (PGG) was successfully detected at low potential 0.173 V vs Ag/AgCl in pH 
7 phosphate buffer solution using glassy carbon electrode (GCE) without any prior 
electrode activation, chemical modification and pre-concentration at the GCE. The 
PGG detection in blank pure honey and via standard addition approach in the 
Malaysian honeys revealed its presence only in the pure honeys. The present study 
suggested that electrochemical detection of PGG using GCE could be used as a tool 
for pure honey identification through a rapid and simple method rather than other 
conventional, highly-technical, expensive and time-consuming analytical techniques. 
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ABSTRAK 
 
 
 
 
 Analisa sifat-sifat fizikokimia, biokimia dan fitokimia telah dijalankan ke atas 
tujuh belas (n = 17) madu Malaysia yang terdiri daripada jenis gelam, akasia, nanas, 
tualang dan kelulut bagi menilai pengaruh sumber bunga dan jenis lebah ke atas 
sifat-sifat tersebut. Perbandingan dengan madu tiruan juga telah dijalankan bagi 
tujuan penetapan kaedah yang sesuai untuk mengenalpasti madu asli daripada madu 
tiruan dengan pantas. Kaedah pengekstrakan fasa pepejal (SPE) telah digunakan 
untuk pengasingan kompaun fenolik di dalam sampel madu. Campuran fenolik yang 
terdapat di dalam sampel telah dianalisa menggunakan kromatografi cecair 
berprestasi tinggi gabungan pengesan tatasusun diod (HPLC-DAD) dan kromatografi 
cecair gabungan spektroskopi jisim selaras (LC-MS/MS). Sistem tiga elektrod telah 
digunakan untuk mengenalpasti madu asli Malaysia dengan pantas. Sifat-sifat madu 
didapati dipengaruhi oleh sumber bunga dan sehingga tahap yang lebih rendah 
adalah jenis lebah. Pemerhatian terhadap madu kelulut menunjukkan ia mempunyai 
nilai pH yang rendah, komposisi asid bebas, kandungan air dan kandungan abu serta 
kekonduksian elektrik (EC) yang tinggi, yang merupakan sifat-sifat yang 
membezakan madu Trigona daripada kebanyakan madu Apis. Sifat-sifat antioksidan 
bagi kelima-lima jenis madu adalah berbeza dengan madu kelulut mendominasi 
kebanyakan daripada ujian-ujian antioksidan. Sebanyak 16 kompaun fenolik telah 
dikenalpasti menggunakan sistem HPLC-DAD. Sumber bunga untuk madu jenis satu 
bunga adalah merupakan sumber makanan yang sama untuk madu jenis banyak 
bunga berdasarkan kepada persamaan pada kompaun yang dominan yang telah 
dilihat antara madu tualang dan akasia, dan antara madu kelulut dan gelam. Lebih 
banyak kompaun fenolik telah dikesan secara spektrometri menggunakan kaedah 
imbasan menyeluruh dan pengawasan tindak balas berbilang (MRM). Gallotannin 
tumbuhan iaitu penta-O-galloil-β-D-glukosa (PGG) telah dikesan dengan jayanya 
pada keupayaan rendah 0.173 V melawan Ag/AgCl dalam cairan penampan fosfat 
dengan nilai pH 7 menggunakan elektrod karbon berkaca (GCE) tanpa sebarang 
pendahuluan pengaktifan elektrod, pengubahsuaian kimia dan kepekatan terdahulu 
yang dilakukan ke atas GCE. Pengesanan PGG dalam madu asli kosong dan 
menerusi kaedah penambahan piawai ke dalam madu Malaysia membuktikan 
kehadiran PGG hanya terdapat di dalam madu asli. Kajian ini mencadangkan bahawa 
pengesanan elektrokimia ke atas PGG dengan menggunakan kaedah GCE boleh 
digunakan sebagai instrumen untuk mengenalpasti madu asli menerusi kaedah yang 
cepat dan ringkas berbanding teknik-teknik analitikal yang lazim digunakan yang 
memerlukan kepakaran teknikal yang tinggi, mahal dan memakan masa.       
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1.  Background of research 
 
 
Honey is produced in most of the countries in the world, therefore, as 
expected there are a variety of honeys available in the global market. Some of the 
honey constituents are derived from the plants and some of them are added by the 
bees (Anklam, 1998). Taking into account its contributing source of nectar and/or 
plants as well as location, honey composition is greatly influenced by its botanical 
and geographical origins (Anklam, 1998; Gheldof et al., 2002; Kaškonienė and 
Venskutonis, 2010). Honey can be produced by honey bee (Apidae, Apini) and 
stingless bee (Apidae, Meliponini) which have also shown some influence on honey 
composition and properties (Vit et al., 1994; Bogdanov et al., 1996; Kaškonienė and 
Venskutonis, 2010). Other than carbohydrates and water, honey contains more than 
180 other constituents such as enzymes, amino acids, organic acids, vitamins, 
minerals, carotenoids, polyphenols (phenolic compounds), and Maillard reaction 
products (Gheldof et al., 2002; Al et al., 2009). 
 
 
Pure honey is highly acknowledged in these modern days for its valuable and 
extraordinary protective effects against oxidative stress in human body and oxidation 
of food products. Back to the ancient times of thousand years ago, honey has been 
found useful for the treatment of numerous human-related ailments (Molan, 1992; 
Al-Jabri, 2005; Cooper, 2011). It was believed that natural healing power of honey is 
attributed by its mere composition. With time, exploration on honey was made 
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possible in favour of technological and medical advancements. In fact, research 
findings have discovered remarkable properties of honey and its previously 
undefined composition. Antioxidant is one of the distinguish properties of honey that 
works against the mess engaged by free radicals (Blasa et al., 2007; Mohamed et al., 
2011). Free radicals reactions have been implicated in the aetiology of several human 
diseases including cancer, atherosclerosis, rheumatoid arthritis and 
neurodegenerative diseases as well as deterioration of food (Aruoma, 1998). 
 
 
Interestingly, polyphenols including phenolic acids and flavonoids have been 
associated to honey antioxidant properties (Tenore et al., 2012). Polyphenols are 
plant secondary metabolites that present in honey when bees forage for food, 
normally from flowering plants. Polyphenols in plants play vital roles in growth and 
reproduction, protect against pathogens and predators as well as give colour and 
sensory characteristics of fruits and vegetables (Balasundram et al., 2006). 
Flavonoids constitute the largest group of plant phenolics and are the most abundant 
group of polyphenols in plant-based foods. Tannins, another subgroup of 
polyphenols, are having more complex structure than phenolic acids and flavonoids. 
Many research findings have reported the presence of flavonoids and phenolic acids 
in honey (Ferreres et al., 1993; Andrade et al., 1997; Aljadi and Yusof, 2003; Yao et 
al., 2003; Kassim et al., 2010; Hussein et al., 2011; Khalil et al., 2011; Chua et al., 
2013).  However, findings reported the presence of tannins in honey is still scarce. 
Furthermore, analysis of polyphenols has been regarded as a very promising tool to 
determine the floral origin of honeys with phenolic acids and flavonoids as the 
potential markers (Anklam, 1998; Yao et al., 2003).  
 
 
Nowadays, high cost, disparity in worldwide honey production as well as an 
intensifying demand of honey in the market leads to the phenomenon of the 
dishonest act of production of synthetic honey. Synthetic (artificial) honey is 
produced without involvement of bee feeding on nectar or tapping on living parts of 
plants or aphids. Its fraudulent production could be done chemically in such a way 
that mimicking pure natural honey to disguise consumers, for instance, by adding 
acidulent and honey flavouring (Molan, 1996). To enhance quality control of honey, 
European Union (EU), Food and Agriculture Organization (FAO), and International 
3 
 
 
 
Honey Commission (IHC) are among the regulatory bodies that help standardize the 
benchmarks for pure honey quality determination as per documented in Codex 
Alimentarius standard (Codex Alimentarius, 2001) and EU Directive (EU Council, 
2002). However, these regulations focus more on physicochemical properties of 
Apini honey with no specific quality regulations is currently available for Meliponini 
honey indicating the raised needs for more information related to Meliponini honey 
through laboratory evidence (Chuttong et al., 2016).   
 
 
Though it is well-known that honey consumption offers more health benefits, 
the major problem faced by Malaysians is in determining the authenticity of the 
honey sold. Lack of screening or strict quality assessments of small-scale natural 
products such as honey in Malaysia has opened the door for food product 
falsification (Zakaria et al., 2011). Some of the Malaysians tend to buy local honey 
from aboriginal people with trust that the honey is original in its content. Although 
this could be the safe and good choice they have, but it is not always the case. A 
finding by Yusoff and colleagues (2006) pointed out that 31 out of 40 honey samples 
of Malaysian origin tested for their sugars and hydroxymethylfurfural (HMF) 
contents were found either adulterated or synthetic honeys. Regrettably, some of 
those claimed as pure honey were also bought from aboriginal people. The false 
information about the product can be considered as a violation of consumer rights 
whereby products sold are contradictory to consumer interest and can cause physical 
harm or emotional distress.  
 
 
Several studies have attempted to distinguish pure honey from adulterated 
and/or sugar solutions.  Various techniques provided by a number of analytical 
instruments have been employed to observe any possible differences including 
fourier transform infrared spectroscopy (FTIR), near infrared spectroscopy (NIR), 
internal standard carbon isotope ratio analysis (ISCIRA), nuclear magnetic resonance 
(NMR), high-performance liquid chromatography (HPLC) and gas chromatography-
mass spectrometry (GC-MS) (Bertelli et al., 2010; Zhu et al., 2010; Zakaria et al., 
2011; Tosun, 2013; Wang et al., 2015). Despite their usefulness and high accuracy, 
these analytical techniques are time-consuming, require highly skilled operators, very 
expensive and some of the techniques require sample preparation prior to analysis 
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(Subari et al., 2012). Besides, the use of bio-mimicking sensors namely electronic 
nose (e-nose) and electronic tongue (e-tongue) systems that perceive distinct smell 
(aroma) and taste (flavour) of samples, respectively, was reported useful but 
differentiation of the three groups was hardly achieved without data fusion of both 
systems and multivariate analysis (Zakaria et al., 2011). Therefore, development of 
simple, rapid screening methods to evaluate honey authenticity are of utmost 
concern. 
 
 
 
 
1.2.  Problem statements 
 
 
Susceptibility of honey to falsification masks the beneficial health effects 
offered by honey. Aside from adulterated honey, the emergence of synthetic honey 
imposes another threat to honey safety and authenticity due to its relatively high 
sugar content (Yusoff et al., 2006). Consumption of high-sugar foods leads to 
hyperglycemia, the primary causal factor associated with diabetes mellitus (Miyazaki 
et al., 2007) and its complications (Ceriello, 2005; O‘Keefe and Bell, 2007). The rise 
in blood glucose after consumption of carbohydrate-rich meal subsequently evokes 
production of reactive oxygen species and may result in oxidative stress (Ceriello, 
1997). Under hyperglycemic conditions, body‘s antioxidants are depleted 
(Kashiwagi, 2001). Consequently, regular and long-term intake of synthetic honey 
may pose detrimental health effects in young, healthy individuals as well as 
aggravation of pre-existing metabolic conditions in prediabetic and diabetic patients 
(Mohanty et al., 2000; Ceriello et al., 2002a; Miyazaki et al., 2007; Schindhelm et 
al., 2007). On the contrary, honey has antioxidant properties attributed mainly by its 
phenolic compounds (Tenore et al., 2012). Al-Waili (2004) observed that honey 
intake lowers plasma glucose level in both healthy and diabetic individuals. In order 
to be able to protect consumers from honey fraud, it is important that an experimental 
study be conducted to characterise and differentiate between pure Malaysian honey 
and synthetic honey as well as propose a new method for fast screening of 
polyphenol that could help to distinguish pure Malaysian honey from the synthetic 
ones. 
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1.3.  Objectives of study 
 
 
The objectives of this study are: 
 
 
1) To investigate the physicochemical properties of Malaysian honeys of 
different floral origin and bee species with respect to international 
standards and compare with synthetic honey.  
2) To evaluate and compare the phytochemical and protein contents as well 
as antioxidant activities of pure Malaysian honeys and synthetic honey. 
3) To isolate, identify and quantify the polyphenols in Malaysian honeys and 
generate chromatographic fingerprints of SPE honey extract.  
4) To identify possible floral markers in unifloral honey and discover 
relationship between bee species and honey polyphenolic content.  
5) To develop rapid sensing methods for differentiation between pure and 
synthetic honeys by identifying polyphenols using electrochemistry 
techniques.   
 
 
 
 
1.4.  Scope of study 
 
 
This research focus is directed only on pure honey and synthetic honey. The 
five types of 17 pure Malaysian honeys investigated in this study are gathered from 
both Apis spp. and Trigona spp. as well as from single and multiple floral sources in 
between August 2012 and February 2013. The synthetic honeys are either made 
experimentally comprising of fructose, glucose, maltose and sucrose or bought in the 
market in the form of syrup. The physicochemical properties were assessed 
according to the standardized IHC methods as well as reported methods. The tests 
include pH, free acidity, HMF, moisture content, refractive index, total soluble 
solids, ash, electrical conductivity, colour, and density. Total phenolic content (TPC) 
and total flavonoid content (TFC) were the phytochemical contents analysed 
spectrophotometrically whereas DPPH and ferric reducing antioxidant power 
(FRAP) measuring the antioxidant activity. The protein content was also determined 
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spectrophotometrically. Isolation of polyphenols was achieved using solid phase 
extraction (SPE). Identification and quantification were performed using high-
performance liquid chromatography (HPLC). Liquid chromatography tandem mass 
spectrometry (LC-MS/MS) was utilized to screen for more polyphenols in the SPE 
honey extracts and to confirm the presence of the HPLC-detected phenolic 
compounds. Floral markers identification and bee-plant relationship was shown and 
confirmed using principal component analysis (PCA). Electrochemical behaviour of 
polyphenols at the unmodified glassy carbon electrode (GCE) was examined using 
cyclic voltammetry (CV). Rapid sensing of 1,2,3,4,6-pentagalloyl-β-D-glucose 
(PGG) in honey samples was achieved using electrochemistry techniques of 
differential pulse voltammetry (DPV) and the data obtained was compared to 
synthetic honeys. PGG was proposed as a potential biomarker for differentiation 
between pure and synthetic honeys.  
 
 
 
 
1.5.  Significance of study 
 
 
The trend of increased consumption of natural foods and health products in 
sustaining a good health and curbing disease progression is the reason for the 
renewed interest in bee products such as honey. Considering the fact that honey 
varies in its composition and properties depending on botanical origin, geographic 
location, seasonal, climatic conditions, bee species, and several other factors, the 
results of this study are useful to differentiate between:1) multifloral and monofloral 
Malaysian honeys, 2) Apis and Trigona honeys, and 3) pure and synthetic honeys. 
Validation against the international standards helps to determine the quality of 
Malaysian Apis honey. The information on the physicochemical properties of 
Malaysian Trigona honey provided from this work is useful to develop future quality 
regulations for stingless bee honey.  
 
 
  The study of polyphenols in the current work helps to justify the relationship 
between species-specific foraging activities and phenolic composition of honeys, 
distinguish polyphenolic profile of each type of honey studied and identify possible 
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floral markers. The presence of these phytochemicals further supports the antioxidant 
and other biological activities of Malaysian honeys as demonstrated by this and other 
studies. In vivo studies, human clinical trials and epidemiological studies have shown 
that prolong consumption of pure honey exerts a wide range of therapeutic and 
valuable health effects (Al-Waili, 2004; Yaghoobi et al., 2008; Erejuwa et al., 2011a; 
Erejuwa et al., 2011b), while high-sugar foods (Miwa et al., 2000; Esposito et al., 
2002; Fisher-Wellman and Bloomer, 2010) and possibly synthetic honey in the 
opposite way may impose harmful effects. Thus, the current work emphasizes the 
need of a rapid polyphenol screening as a potential marker for authentication of 
Malaysian honey that can partly be achieved through the proposed electrochemistry 
methods. 
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